Background and Objective: Nocturnal asthma symptoms are associated with poor sleep quality, excessive daytime sleepiness, and poor daytime functioning. The aim of this study was to describe self-perceived sleep quality and quantity in asthmatic adults in a real-world setting according to different determinants of patient health status. Methods: A cross-sectional, observational, seasonal, multiwave survey was designed. Allergists nationwide were asked to consecutively survey adult asthmatics aged 18 to 65 years, evenly distributed by seasons and asthma severity (Global Initiative for Asthma criteria). Sleep quality and quantity were assessed using the self-administered Medical Outcomes Study (MOS) Sleep Scale. The Asthma Control Test was applied to ascertain the degree of asthma symptom control. Results: A total of 1098 individuals (58.7% females, 41.2 [13.6] years) were analyzed. Asthma severity was associated with poor sleep quality and quantity; patients with more severe disease scored higher on the MOS Sleep Scale (P<.001) and also reported significantly fewer daily average hours of sleep (0.3-0.5 hours, P<.001). Level of symptom control and asthma severity were both associated with poor sleep quality and quantity, with the following mean MOS sleep problem index scores: 25.3 (fully controlled asthma), 26.4 (controlled), 32.6 (partly controlled), and 44.6 (uncontrolled) (P<.001), and 48.4 (severe asthma), 39.0 (moderate), 32.6 (mild), and 26.5 (intermittent) (P<.001). Sex was significantly associated with the summary MOS sleep problem index. Conclusions: Sleep quality and quantity was significantly associated with poor health status in asthmatic patients. Guidelines should recommend asking about nocturnal asthma symptoms and encourage clinicians to take a global sleep history. Better control of nocturnal asthma symptoms could lead to improved sleep quality and a decrease in daytime sleep-related symptoms.
Introduction
Current guidelines for the management of asthma recommend asking patients about nocturnal asthma symptoms [1] . However, because taking a full global sleep history from asthma patients is not advised [1] [2] [3] , many clinicians are reluctant to ask about sleep problems and/or nocturnal sleep-related disturbances.
Although patients with asthma have disturbed sleep, there are relatively few data on the relationship between global sleep quality and quantity, asthma control, and daytime functioning, particularly in relation to routine clinical practice. The main goal of this study was to describe self-perceived sleep quality and quantity in asthma patients in a real-world setting according to different determinants of patient health status, including daytime functioning. This was a secondary objective of the CosteAsma study, which was primarily designed to determine the impact of asthma on indirect costs and productivity losses in Spain [4] .
Patients and Methods

Study Design and Patient Sampling
The characteristics and design of the CosteAsma study have been described elsewhere [4] . In brief, Spanish allergists were invited to participate in a nationwide cross-sectional, multiwave, observational, epidemiological, multicenter study. A stratified multistage probability sample design without replacements was used to select the study participants, who were recruited from the health regions of the 17 autonomous communities of Spain. The study was approved by an institutional review board and the Spanish Ministry of Health.
Selection of Patients
Patients enrolled in the study had to meet the following inclusion criteria: 1) an age of 18 to 65 years; 2) a confirmed diagnosis of asthma based on lung function tests and the criteria set out in the Global Initiative for Asthma (GINA) guidelines [2] or the Spanish Guide to Asthma Management (GEMA) 2009 guidelines [3] ; and 3) signed written informed consent. Excluded from participation were patients without a diagnosis of asthma in their medical record, patients with chronic obstructive pulmonary disease or any other condition precluding their participation or understanding of the study instructions, and patients who did not give their informed consent. All the data collected were provided by the participants at the study visit, with no additional information sought from other sources. All participants continued to receive their usual asthma treatment as indicated by their physician.
Because the study formed part of the CosteAsma study, we did not calculate sample size a priori. However, the number of adults in the study (>1000 individuals) was considered sufficient to achieve our objective.
Data Collection and Measurements
Data were obtained from evaluations by participating physicians (sociodemographic, clinical, and spirometry data) and patient-completed questionnaires. These included the Spanish versions of the Asthma Control Test (ACT) [5] , the Sheehan Disability Scale (SDS) [6] , and the Medical Outcomes Study (MOS) Sleep Scale [7, 8] . It is recommended that the ACT should be taken at different times of the year. We classified degree of asthma control into 4 categories based on ACT scores [9] : uncontrolled asthma (≤15 points), partly controlled asthma (16) (17) (18) (19) , controlled asthma (20) (21) (22) (23) (24) , and fully controlled asthma (25 points).
Daytime functioning was assessed by the SDS, which is a simple questionnaire exploring patient level of disability. The score ranges from 0 (no disability) to 100 (total disability). Degree of disability was also grouped into 4 categories [10] : intermittent disability (≤10 points), mild disability (11-≤40), moderate disability (41-≤60), and severe disability (>60). Using a 10-point visual analog scale, respondents rate the extent to which their symptoms impair their 1) work, 2) social life or leisure activities, and 3) home life or family responsibilities.
The MOS-Sleep Scale is a 12-item self-administered scale designed to assess the quality and quantity of sleep. Quantity of sleep is scored as the average number of hours slept per night. Scores for the other domains and the 9-item composite sleep problem index (SLP-9) are transformed to a 0 to 100 scale, where higher scores indicate more of the attribute being assessed.
Statistical Analysis
Descriptive statistics were determined and normal distribution of data was tested using the Kolmogorov-Smirnov test or the Levene test. The t test and 1-factor analysis of variance were used to assess statistical differences in quantitative measures meeting the assumptions necessary for the use of parametric tests, while the Mann-Whitney U test and the Kruskal-Wallis test were used when these assumptions were not met. The Pearson c 2 and Fisher exact test were used
Results
A total of 1186 adult asthmatic patients seen at least once between February and November 2010 were included by 102 allergists throughout Spain. Of these, 1098 (92.6%) were eligible for inclusion in the statistical analyses; 58.7% were women and the mean (SD) age was 41.2 (13.6) years. The patients were evenly distributed regarding geographic location and seasonality (February-March, April-July, and August-September), with no relevant differences observed. According to ACT scores (Table 1) , asthma was uncontrolled or partly controlled in 57.6% of patients, controlled in 32.8%, and fully controlled in 9.6%. Season, age, and severity of asthma symptoms as determined by GINA/GEMA criteria were not significantly associated with SLP-9 (data not shown). However, when the group was stratified by younger patients (18-40 years) versus older ones (>40 years), significant, although moderate, differences were observed for SLP-9, with a higher summary index score observed in younger patients (29.1 vs 37.5, P<.05). Statistical significant differences were also observed for most of the MOS-Sleep Scale domains ( Figure 1 ) when the group was stratified by sex, but when the group was stratified by smoking, the differences were significant in just 2 domains: quality of sleep (P<.01) and awakening short of breath (P<.05). Means were adjusted by age (years), sex, asthma severity (GINA/GEMA), and ACT score.
Severity of asthma based on GINA/GEMA criteria was significantly associated with a negative impact on sleep quality and quantity for the SLP-9 and all the MOS-Sleep Scale domains except snoring while sleeping, which showed a trend towards statistical significance (Table 2 ). In brief, the higher the severity of asthma, the higher the adjusted mean interference in scores. Of particular interest was the fact that patients with severe asthma slept on average 0.4 hours less than patients with intermittent asthma. After quantity of sleep, which had D i s t u r b a n c e S n o r i n g Q u a n t i t y O p t i m a l Q u a l i t y S o m n o l e n c e S l e e p i n d e x S h o r t o f b r e a t h Female Male † † ‡ ‡ * for 2×2 tables and the likelihood ratio test with m×n tables. A backward stepwise multivariate linear regression model was used to explore the associations between different variables (determinants) and the SLP-9 summary index. Determinants included, amongst others, daytime functioning and level of asthma control assessed, respectively, by the SDS and the ACT. General linear models with covariates were also used to analyze MOS-Sleep Scale scores (SLP-9 and individual domains) with patients grouped into categories according to ACT scores or level of asthma severity according to GINA/GEMA criteria. Multiple comparisons were adjusted by degrees of freedom using the Bonferroni procedure when applicable. Tests were carried out to determine compliance with the assumptions necessary for the use of parametric contrasts. Estimates were calculated with a 95% CI in SPSS V17.0 [11].
very high F values in all cases (Table 4) . Educational level was also significantly associated with sleep disturbance; patients with no education had a significantly worse SLP-9 score as a result of poor scores in the sleep disturbance, snoring, and daytime sleepiness domains. Means were adjusted by age (years), sex, tobacco consumption, asthma severity (GINA/ GEMA), and ACT score.
The multivariate regression model applied to estimate the associations between various determinants and the SLP-9 summary index showed a significant association for sex ( Table 5) . The fitted regression model, which included sex, educational level, occupational exposure to inhaled irritants, ACT score, and degree of disability (daytime functioning), perceived stress and familial support, as measured by the SDS, showed a moderate but significant adjusted R 2 value (0.511, P<.001). Occupational exposure to irritants and a low educational level had a lower impact on sleep problems the highest F value (ie, this was the category that contributed most to the differences between severity groups), the SLP-9 and the sleep disturbance domain were most impacted by severity of asthma. As might be expected, quality of sleep decreased with increasing asthma severity ( Table 2) . Asthma severity according to ACT scores was also significantly associated with a negative impact in the SLP-9 and all the MOS-Sleep Scale domains (Table 3) . Again, the worse the control, the higher the adjusted mean interference, without exception. In brief, patients with uncontrolled or partly controlled symptoms had higher scores in all domains of the MOS-Sleep Scale (Table 3) . Sleep interference was also associated with level of disability as measured by the SDS (Table 4) . Again, the higher the level of disability, the higher the adjusted mean interference in the domain and SLP-9 scores, without exception. In fact, there was a clear linear relationship between levels of disability and sleep disturbance across the board, with significant (P<.001) and 
Discussion
The association between asthma and sleep disorders, including risk of apnea, poor quality of sleep, and other sleep disturbances, has been documented by many studies [12] [13] [14] [15] [16] . However, while disturbed sleep is a complaint in patients with asthma, few studies have analyzed the relationship between global sleep quality and quantity, asthma control, and daytime patient functioning. We examined self-perceived sleep quality and quantity in patients with asthma in a real-world setting according to different health status determinants. Our findings show that several of these determinants were statistically associated with the summary MOS-Sleep Scale index, SLP-9. In other words, the patients' health status had a negative-and significant-impact on quantity and quality of sleep (adjusted R 2 =0.506, P<.001). Daytime functioning assessed by the SDS [6] had the greatest explanatory power (t=8.24) for the impact of daytime disability on sleep disturbance, with a 0.7% increase in level of disability (0.2 points on a scale of 0-30) producing a 1% increase in sleep disturbance. In other words, a 7% increase in disability was associated with a 10% impact on sleep disturbance. Level of asthma control (as assessed by the ACT) [5] was also a meaningful determinant (t=-8.18), with a 0.9-point decrease in symptom control resulting in a 1% increase in sleep disturbance. Surprisingly, asthma severity was not a determinant of sleep disturbance in the regression model, despite the association observed in the univariate analysis. In other words, achieving control of asthma symptoms would appear to positively impact sleep quality and quantity, regardless of the severity of disease. Possible explanations are that patients with poorly controlled asthma take longer to fall asleep [17] or that adult asthmatic patients have slightly lower sleep efficiency and more nocturnal awakenings [13, 14] .
In our study, sex was significantly associated with the SLP-9, and surprisingly, scores for snoring were higher in women than in men. Snoring is a sleep-related breathing disorder that affects at least 20% of the population and around 50% of men aged 50 years old [16] . In asthma patients, it could be caused by an increase in upper airway suction pressures during active asthma, or by upper airway inflammation. Asthma may also be activated by snoring-induced gastroesophageal reflux [17] . Familial support was inversely associated with sleep impairment, suggesting that patients who receive more help from their families sleep better. Perceived stress, however, was associated with impaired sleep, with greater disturbance observed in those with higher levels of self-reported stress. Educational level was also significantly associated with sleep disturbance, with greater impairment observed in patients with lower levels of education. This might be the consequence of poorer management of aerosol delivery devices, possibly related to a lack of adequate education or difficulties in Abbreviation: SDS, Sheehan Disability Score. aAdjusted R understanding the management of drug delivery in asthma, as has been previously observed [18] [19] . Our observation of significantly lower ACT scores in patients without studies or with just primary education would appear to support this theory. Finally, exposure to irritants was retained in the logistic regression model because it was considered a confounding variable since no significant differences were observed for the SLP-9 or any of the MOS-Sleep Scale domains (data not shown).
We also found that smoking had a negative, albeit weakly significant, influence on sleep quality and quantity, and also that smokers experienced greater shortness of breath on awakening than nonsmokers. Smoking has been found to increase the risk of airway obstruction in adults who develop asthma after the age of 10 years [20] . This finding is relevant, since smoking is one of the risk factors that influence therapeutic response to corticosteroids, and is thus related to poor asthma control [21] .
The results of our study on the quality and quantity of sleep in asthmatic adults using a self-administered questionnaire are of relevance considering the few studies on this subject in the literature. We found just 2 studies that have used the MOS-Sleep Scale in asthmatic patients; one was a national survey of allergic rhinitis in a French adult populationbased study [22] and the other was a part of a clinical trial comparing budesonide and formoterol in patients with moderate to severe asthma [23] . The MOS-Sleep Scale is a simple self-administered questionnaire that can be used at primary care level without overloading either physicians or nurses. Despite its simplicity, however, it can provide very important information. Obviously, data on sleep disturbance assessed using a self-reported scale may be less reliable than polysomnography data. Although polysomnography is the gold standard for assessing sleep disturbances, it is also a costly method and its use in questionnaire-based population studies, such as ours, may be limited. Furthermore, polysomnography and other instrument-based methods for exploring sleep status are not always feasible in routine clinical practice, and hence simple-to-administer methods such as the MOS-sleep scale can be of help in certain cases.
Although we enrolled a large sample of patients with asthma from across Spain and during different seasons of the year, thus, capturing the possible impact of seasonality on symptom control and/or patient functioning, our study does have some limitations. For example, we did not analyze comorbidities, several of which, such as obesity, rhinitis, and gastroesophageal reflux, may have effects on sleep and sleepiness, as is also the case with certain drugs used to treat comorbid conditions. Another possible limitation is that we explored daytime functioning using the SDS, which apart from being a self-administered questionnaire may be considered too simple to capture patient functioning as a whole. However, this scale has provided researchers with a simple tool to analyze how health status can impact daily functional activity in patients with different health conditions [24] .
Despite its possible limitations, this large cross-sectional, observational, seasonal, multiwave survey study found a relationship between sleep quality and quantity and degree of asthma control, which, in addition to sex, educational level, smoking status, and impaired daytime functioning, was a significant determinant of sleep disturbance in adult asthmatics.
Better control of nocturnal asthma symptoms could lead to improved sleep quality and a decrease in daytime sleep-related symptoms and, perhaps disability.
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